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                      Ritsu KIKUCHI 
1 Introduction 
   Precipitation is an important element of climate and a very unstable one, but 
the difference between the highest and the lowest values of annual rainfall within 
the period of observation is rather small in Japan compared with many other 
countries in the world, because of comparatively large quantity of rainfall and 
absence of obvious dry season. However, even the smaller fluctuations of rainfall 
have influences such productive activities as agriculture, industry, hydrogeneration 
and so on. And the disasters as droughts and floods are not rare in Japan. The 
land of Japan is prolonged north to south, and the climates are different from a 
region to another. Especially the contrast is impressive in winter between the 
Japan Sea side and the Pacific side  (Fukui: 1933,  Sekiguchi: 1959 and  Suzuki: 
1962). Therefore it is to be expected that the rainfall variability, too, will be 
different from a part of Japan to another, however there have not been many 
studies from such a viewpoint. 
   Fukui (1934) discussed the regional difference of variability of the annual 
rainfall at 97 stations in Japan, Taiwan, Manchuria, Korea, Sakhalin and Kurile 
islands using the method of Maurer (1928). He concluded that the variability is low 
on the Japan Sea side and the lowest in its central part. Along the Pacific coast 
it rises gradually northward and is the highest in east Hokkaido and Kurile islands, 
and in inland region and Setouchi region rainfall fluctuates rather intensely. 
   He then calculated the ratio of average anomalies of maximum snow depths 
to the normal maximum to calculate the variability of snowfall (Fukui: 1942), 
and found that the variability of snow depth changes with the latitude, decreasing 
to the north. There is not a clear contrast in the variability of snow depths 
between the Japan Sea side with heavy snowfall and the less snowy Pacific side. 
   Even in winter, it rains on the Pacific side, where most of precipitation takes
the form of rain, not snow. Then if we discuss the variability of precipitation 
including rain and snow, we can get some different conclusions from above  men-
tioned studies. The seasonal change of rainfall variability is not yet explained 
except in winter. On the other hand, some different results will be obtained on 
the regional difference of variability of annual rainfall, when calculated with an 
other method and supplemented recent data. The object of this paper is to explain 
the regional and seasonal changes of rainfall variability in Japan.
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2 Range of rainfall fluctuation 
   1) Annual rainfall 
   The distribution of standard deviation of annual rainfall is shown in Fig. 2 
which is calculated on 129 stations in Japan (Fig. 1) based on all data since the 
start of observation till 1965. There are large differences of observation periods 
among the stations (Table 1), and the confidence limit of standard deviations 
 (a) changes according to the periods. At the station of 20 years' observation the 
upper limit of confidence is  1.27o- and lower limit is  0.830-, and at the station of 70 
years' observation the upper limit is  1.12a and lower limit is  0.89a, but the confi-
dence coefficient is 0.90, here. Therefore, we cannot discuss smaller regional 
differences than about 20% of the values of standard deviations. The standard 
deviation is the highest on southwest Pacific coast and decreases northward 
reaching to its lowest in the northeast Hokkaido. The rainfall  fluctuation is 
somewhat large in the central part of Japan Sea coast, and is comparatively small 
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Fig. 2 Distribution of standard deviation of annual rainfall (MM) 
 Table 1 The period of observation and the number of stations
years 20-29
number of stations 43
30-39
11
40-49
12
50-59
10
60-69
12
70-79
24
 80-
17
in inland areas, such as  Setouchi region. This pattern is similar to the distribution 
of annual precipitation. The area with much rainfall roughly equals to the area 
of high deviation. 
   2) Seasonal change of the range of rainfall fluctuations 
   Mechanism of rains in Japan differs from a season to another and the stability 
of rainfall differs by season. Then, the distribution of standard deviation of 
monthly rainfall will be examined. 
   There are three patterns of distribution of rainfall fluctuations (Fig. 3), winter 
pattern, summer pattern  and  spring/autumn pattern. In winter, November to 
February (Fig. 3, a), range of fluctuation is larger in coastal areas and is compara-
tively small in inland areas. The range on the Japan Sea side is larger than on the 
Pacific coast in mid-winter, but in February and November it is inverted. In 
spring, the standard deviation decreases clearly on the Japan Sea  side, and the
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range of rainfall fluctuation is large to the east of backbone range and small to 
the west, especially through March and May (Fig. 3, b). The area of large fluctua-
tion spreads progressively from the southwest to the north, March to July. In 
summer, the north-south difference is larger than the coast to coast difference 
(Fig. 3,  c). This pattern is obviously seen in June to August. The autumn 
pattern is similar to the spring pattern (Fig. 3, d), the range of fluctuation being 
larger on the Pacific side and smaller on the Japan Sea side, although the absolute 
values of the range are higher as a whole than in spring. 
3 Relation between the rainfall and the range of its fluctuations 
   Both of the rainfall distribution and the distribution of its fluctuations are 
similar as seen above, and in general, the range of fluctuation is large in the region 
of much rainfall. On a diagram, the relation between them is linear (Fig. 4), and 
its correlation coefficient is 0.831±0.02. However, there are two groups of stations 
and the grade of regression line is smaller in the stations on Japan Sea side and 
larger in that on Pacific side. The regression equations calculated separately in 
each region are as follows; 
   Japan Sea side a  =0.125R+  7.3 :  r  =0.959±0.010 (n=27) 
   Pacific side Cr----0.209R— 51.3 :  r  =0.960±0.001  (n=102) 
where a is the standard eviation, R is annual rainfall, r is the correlation coefficient 
and n is the number of stations. The correlation coefficients of both regions are 
higher than that of all stations. The grade of regression line on the Pacific side 
is nearly twice as large as that on the other, which means that the rainfall is very 
unstable on the Pacific side. This was pointed out by Fukui (1934). The relation
Fig. 4 
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between monthly rainfall and its standard deviation is shown for January (Fig. 5) 
and July (Fig. 6), where the grade of regression lines are 0.270 and 0.624  respec-
tively. The latter is more than twice of the former, showing the unstability of 
summer ainfall. The rainfall in summer on the Pacific side is much more than 
in winter, and the annual rainfall is also unstable. On the Japan Sea side, much 
rain in winter falls as snow, and the fluctuation of the annual rainfall is weak.
4 Regional and seasonal change of rainfall variability 
   There are considerable regional and seasonal differences in the rainfall stability 
as above mentioned, and then the intensity of rainfall fluctuations will be examined, 
which is shown as the ratio of standard deviation to the normal rainfall.
   1) Annual rainfall 
   The variability of annual rainfall is  10-20%, being smaller than that of monthly 
rainfall. It has a clear regional difference, being large on the Pacific side of the 
backbone range and small on the Japan Sea side (Fig. 7). As compared with 
Fukui's conclusion (1934), there are some new findings. The variability gets 
larger from inland to the Pacific coast and is sometimes above 20% on the Pacific 
coast, but it is rather small in east  HokkaidO. Fukui used the ratio of extremes of 
annual rainfall within the period of observation, and the writer used the percentage 
of standard deviation to the average rainfall, and this is why such different results 
were obtained. It will be concluded that the  year-by-year rainfall fluctuation is 
not so large in east  HokkaidO and inland  Honshii, though there are rare cases of
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                      Fig. 7 Variability of annual rainfall  (°/o) 
extremely excessive or deficient rainfall, and is large on southern Pacific coast, 
where rainfall amount is not so extreme, and is very small on the Japan Sea coast. 
   2) Seasonal change of rainfall variability 
   The variability of monthly rainfall is calculated by the same method. The 
values and regional difference are larger than those of annual rainfall. As a whole 
in summer it is larger than in winter, but the regional difference is larger in winter. 
January (Fig. 8a) The variability of rainfall (or snowfall) is large on the Pacific 
side, extremely large in some areas, and evenly small in the large part of the Japan 
Sea side, similarly as that of annual rainfall. 
February (Fig. 8b) In general the pattern is the same as in January. Variability 
decreases on southern Pacific coast, and it rises northward along the coast. 
March (Fig. 8c) The pattern is the same as in February, but the value of 
variability falls down in whole Japan. 
April (Fi. 8d) The variability is roughly as small as in March but the regional 
difference is less than in March. 
May (Fig. 8e) The variability is a little larger than in April, but its regional 
difference is small except in some areas,
0
0
 P
I 
 .
!%
 
  
8
0
 
  
 7
0
 
'6
0
 
,.
. 
. 
. .
 : 
4
0
 
- 
3
0
O
_ 
6
 
—
7
.0
7
1
a
 J
a
n
u
a
ry
 
i
a 0
 ,,
,I
,
 8
 1
*,
/
 
n
b
f 
-
 
;
6
 9
0
 d
 I
 z
n
i
 C
r 
 
I?
.
b
 
Fe
b
ru
a
ry
 
Fi
g
. 
8
 
V
a
ri
a
b
ili
ty
 
o
f
m
o
n
th
ly
.
 
o  ~ iJ
J~
.
O
 a
 :L
K
  rl t
-,
--
T
rl
" 
 i.
..
 r
a
in
fa
ll
 c
 M
a
rc
h
 
 
[n
f 
 a
ll 
(%
)
P
 J n
 
,,
it
 
a
ti
 
 -
O
D
d
 
A
p
ri
l
Fi
g
.
 8
  
V
a
ri
a
b
ili
ty
o
f 
 m
o
n
th
ly
 r
a
in
fa
ll 
(9
6
)
 
,.
. 
 =
 4
%
ti
:
 .
.P
4
)
7
3 
J°
  
o
  
-*
7
 
S
e
p
te
m
b
e
r
0
F
m
b
 
E
 i
o
r
4
 a
%
)
,:
d
. 
  
  
  
  
  
  
 
_4
3
:1
 
  
  
  
 
e
t•
-=
7
- 
 4
 
•
 
 -
 
  
  
  
  
  
  
  
  
g
r .  d
o
s*
P
1
1
 
 §
 
  
  
  
  
  '1
3
f 
 g
 j 
O
ct
o
b
e
r 
k 
N
o
v
e
m
b
e
r 
Fi
g
. 
8
 
V
a
ri
a
b
ili
ty
 o
f 
m
o
n
th
ly
 ra
in
fa
ll 
 (%
)
_e
ft
c 
r
0
n
 x
  
 
•
  )
:a
, e
l I I V
".
.P
  4
 
•
1
 D
e
ce
m
b
e
r
                 Seasonal Change of Rainfall Variability in Japan 11 
June (Fig. 8f) There is a high value area in southwestern Japan and the highest 
value is in north  Kylishil. 
July (Fig. 8g) The value of variability rises more as a whole, and it is high in 
the south and low in the north. On the central Pacific coast the value is very 
high and above  100% at some stations, showing the clear grade inland. 
August (Fig. 8h) The variability is generally still larger than in July. There 
appears a zone with comparatively large variability lying east to west from 
coastal Kanto to north  Kydslift. Outside the zone it is rather small. 
 Se.Member (Fig. 8i) The variability decreases in most of Japan as compared with 
in August. Variability is high (50-60%) to the south and low (30-40%) to the 
north of the latitude 40°N. There is a zone of small variability on the Japan Sea 
coast. 
October (Fig.  8j) It is the transitional pattern between summer and winter, and 
in general the variability is high in the south and low in the north, but the pattern 
is somewhat complicated. 
November (Fig. 8k) It is the winter pattern and is like that of February and 
March. There is a small difference in the variability between the Japan Sea side 
and the Pacific coast, and the value on the southeast Pacific coast is somewhat 
smaller than in mid-winter. 
December (Fig. 81) It is the typical winter pattern. The variability difference 
between both sides of backbone range is the largest of all months. 
5 Patterns of seasonal change of rainfall variability 
   As already mentioned, the variability of monthly rainfall has large regional 
differences and the distribution pattern changes month to month. In a particular 
region, the seasonal change of variability has a particular sequence. Some typical 
examples are picked up to explain the regional differences of seasonal changing 
patterns of variability. 
Japan Sea side (Fig. 9a) Rainfall fluctuation is intense generally in summer and 
is weak in winter. The maximum appears around August. Variability gets 
larger gradually from spring to summer, and drops in September; that is a non-
symmetrical sequence. As the variability is lower in November, December, March 
and April than in January and February, there are two minima in early spring 
and late autumn. In the north, the main minimum appears in autumn and it 
appears in spring in the south. 
Inland Pacific side (Fig. 9b) Though the sequence of seasonal changes is somewhat 
alike to that of Japan Sea side, the maximum in August is smaller than on the 
Japan Sea side and the secondary maximum in winter is larger. Two maxima 
are roughly equal except inland  KantO where the values in winter are larger than
12 R. KIKUCHI
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Fig. 9 Seasonal changing pattern of 
variability of rainfall
in summer. There are two minima in spring and autumn, and the minimum in 
spring is lower in the south and the minimum in autumn is lower than the other 
in the north. 
 Pacific coast (Fig. 9c) The variability in winter is still larger on the Pacific coast 
than inland, and the maximum in summer is smaller than that in winter except at 
Katsuura. The main maximum appears in December or in February. The rainfall 
is comparatively stable in spring than in autumn. Especially, there is not the 
minimum in autumn in east  Kyfishil, and the seasonal sequence of variability is not 
symmetrical and the maximum is in winter and the minimum is in spring, where 
the value of variability of rainfall increases gradually from spring to winter. But 
in west  Kyfishfi there is the common feature with the Japan Sea side, which
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shows that the climate in west  Kytishil is similar to that of the Japan Sea side as 
was already pointed out by Fukui  (1966). 
   These three regions have the particular sequences of seasonal change. From 
Japan Sea coast to Pacific coast, the maximum in winter becomes larger and that in 
summer becomes smaller. The maximum in summer is larger on the Japan Sea side, 
the two maxima are equal in the inland part of Pacific side and the maximum in 
winter is larger on the Pacific coast. 
   The stability of winter precipitation on the Japan Sea side will be explained 
by the winter monsoon bringing stable snowfall. There is little rainfall under the 
strong winter monsoon on the Pacific side, although there may be cyclones bringing 
heavy rains in this season raising the unstability on the Pacific coast. In summer, 
much rain is brought to large area of Japan by the Baiu, typhoon and so on. 
These phenomena re comparatively unstable and the summer ainfall fluctuates 
greatly year by year. The rainfall in September is brought by the action of polar 
frontal zone under the influence of typhoon. The stable rainfall in spring and 
autumn may be caused by the action of cyclones, and the weak variability of rainfall 
in autumn in the south may be caused by that area being near the normal course 
of typhoons. 
6 Summary 
   There is a large fluctuation of rainfall in Japan, and there are clear regional 
and seasonal changes of rainfall variability, though the variability in Japan is said 
to be smaller than in other many countries. It will be summarized as  follows: 
   (1) Standard deviation of rainfall is larger in summer than in winter as a 
whole, but its regional difference islarger in winter. In winter, the standard  devia-
tion is larger on both coast, Japan Sea and Pacific, than in inland region. In 
summer, it is large in the south and small in the north. In spring and autumn, it 
is large on the Pacific side of backbone range and small on the other side. 
   (2) There is a positive correlation between the rainfall and its standard evia-
tion, and the grade of regression line is larger on the Pacific side than on the Japan 
Sea side. 
   (3) The variability of annual rainfall, calculated by the ratio of standard 
deviation to the normal rainfall, is larger on the Pacific side than on the Japan 
Sea side. 
   (4) In winter, the variability of monthly rainfall is larger on the Pacific side, 
alike to the pattern of annual  rainfall. The variability gets higher from north to 
south in summer, and the absolute value and the regional difference of the 
variability are very small in spring.
14 R. KIKUCHI 
   (5) Seasonal changing pattern of variability is different in each region. On 
the Japan Sea coast, the variability is large in summer and small in winter. On 
the inland Pacific side there are two roughly equal maxima, in summer and winter, 
and two minima, in spring and autumn. On the Pacific coast, there are main 
maximum in winter and secondary one in summer. 
   (6) In the north, the minimum of variability in autumn is deeper than in 
spring, but it gets shallower from north to south, and disappears in east  Kyfishil. 
There is the maximum in winter and the minimum in s pring there, that is a non-
symmetrical seasonal change. 
   The writer wants to extend his warm thanks to Professor K. Nishimura and 
Professor T.  Noh for their kind guidance and help. 
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